Snow can be treated as a porous material. Ice framework, air pores and their mutual interaction play an important role in acoustic propagation. Although experiments on sound propagation in snow were conducted as early as 1952 [1, 2], reviews also made later [3] mentioned acoustic properties only in relation to bulk mechanical properties. In 1977 Sommerfield [4, 5] was the first to observe low-frequency acoustic emissions inside the snow cover just before the natural setting of natural avalanches. More recently [6] acoustic signals in the infrasound range (1-20 Hz) have been used to detect avalanches. Further on, works [7] on the infrasonic vibration in air during avalanches movement have been performed.
Introduction
Avalanches are among the less understood and unpredictable dangerous natural phenomena occurring in winter, with an approximate rate of occurrence of one million per year. Their prediction is not only necessary for skiers and mountaineers security but also for the safety of densely populated and recreational areas and for the maintenance of public equipments. Therefore the development of prediction tools for avalanches is an important challenge. Prediction of avalanches is today largely based on snow observations and on weather forecasts. In particular they are based on the examination of the snow cover structure, the patterns of weakness and on the analysis of those meteorological factors which condition the snow deposition.
Snow belongs to the domain of granular material whose properties lie between those of a fluid and those of a solid. While physical properties of granular materials have been widely studied from the static point of view, very little is known about their dynamics and acoustics [8] .
Avalanches begin always by a crack inside the snow layer. The propagation of this fracture is accompanied by an acoustic emission [4] , whose study can determine a precursor point for the avalanche and then allows us to follow its evolution. Use of sand or other classically employed [8] granular material is not possible as their avalanche angles and cohesion properties do not fit those of snow. Taking into account the fact that silica aerogel powder presents a very low sound speed and a very low density, their properties can be transposed, with a simple scale factor, to snow behaviour. We have built a laboratory model of snow avalanches consisting of a box filled with silica aerogel powder having a diameter of 80 µm. By mechanically changing the box inclination artificial avalanches are set off. The sound emission has been detected in the ultrasonic range identifying the beginning of an avalanche. Some preliminary results on this laboratory set up are here presented. Further on, onsite systematic measurements of the acoustic emission at low and high frequencies are been carried out on real snow avalanches. Experimental set up is hereafter described.
Laboratory set-up: experiments on silica aerogels
The experimental set up consists of a squared Plexiglas box of 42 cm of length filled with a layer of 1.5 cm to 3
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cm of silica aerogel having a 80 µm diameter; a mechanical system able to change the box inclination. Under the aerogel layer, at the centre of the bottom plate of the box is placed a wide band ultrasonic transducer (Panametrics v101) having a central frequency of 500 kHz. A line pre-amplification of 40 dB was applied as well. The acoustic signal has been recorded with a digital storage oscilloscope (Nicolet Integra 40). The sampling frequency was set at 20 MHz, acquisition time of 200000 sampled points corresponding to 1/100 s. By changing the inclination of the box, artificial avalanches were induced and their acoustic emissions have been consequently detected. As the time recorded is very short, continuous acquisitions have been performed and the signals concatenated.
Silica aerogel properties
Since snow is very difficult to manage, for temperature problems and non reproducibility factors, the question has been to identify a material easy to deal with and having characteristics similar to snow, with similar cohesion properties. It was already demonstrated by Ishida [3] that snow can be treated explicitly as a porous material, therefore the sample material had to be a porous one. Existing porous materials were either too heavy or had too big beads. Previous studies on granular silica aerogel [9] have provided extensive information on the characteristics of very low density and highly porosity in these materials. When the size of beads is less than 40 micrometers in granular materials, [8] gravity force is less intense than the electrostatic one. As a result, in aerogel powders having a diameter size inferior to 40-80 micrometers, electrostatic and gravity forces compete each other. Following this property, the cohesion forces of snow can be replaced by the electrostatic forces in aerogels, emulating the snow behaviour. We verified that this powder gives the same "natural" features, fractures and block avalanches as well as powder avalanches that are perfectly mimicking snow at a very small scale. As the speed of sound is very low in silica aerogel powder (around 60 m/s to be compared to 250 m/s for snow [1] ) the same feature is also expected for the propagation of fractures. The acoustic emission associated with the fracture is expected, because of an obvious scale factor around 2000, in ultrasonic range.
Some preliminary results
An aerogel powder layer is spread over the horizontally placed box. As the particles are very low and electrostatic, it is necessary to let the experiment at rest for few hours to obtain a quite horizontal surface. During the experiment, thermal and hygrometric conditions have been always under control since there is a strong dependency on temperature and humidity factors. The scale factor is around 2000, therefore our Plexiglas box of 42 cm of length is expected to correspond to 840m. The inclination of the aerogel bed is then carefully and slowly performed. A first ultrasound emission has been reproducibly detected around 11° degree when visually, nothing seemed to happen. This is probably due to the first micro fractures in the lowest layer of the aerogel. They correspond to the first fragilisation of this artificial snow cover that gives hints for predicting the avalanche. The first visible fractures appear between 30° to 34°d egrees, depending on the time of sedimentation the aerogel had before the experiment. Figure 1 shows an example of these fractures in silica aerogels. The avalanches occur around 36° to 40° degrees. Figure 2 shows an example of avalanche in silica aerogels. During all the experiment various acoustic emissions can be recorded corresponding more or less to the apparition of new fractures on the aerogel bed. These signals are generally very short impulsions but may also be more longer ones. Figure 3 
On site set-up: experiments on real snow
Thanks to the staff of the little Pyrenean ski resort of Guzet we have been able to install our on site experimental set-up in a known avalanche corridor before the beginning of the winter season. Two couples of transducers (figure 5), protected from humidity by a thin resin layer, have been fixed in direct contact with the soil and under the layers of snow ( figure  6 ). The first transducers of each couple are able to detect acoustic signals from 100 Hz to the 10000 Hz , the second ones from 10000 to 40000 Hz. They are wired to a 50 kHz sampling frequency acquisition system, placed on a chair lift pillar platform. The whole system is linked to a wireless connection to a PC and to the analysis system placed at a the safety distance of 500 m. The acquisition system is energy supplied by solar panels. As the avalanches are artificially triggered by explosions, it is necessary to record the signals hours before. Sommerfeld [4] has recorded such signals, preceding avalanches, in audible domain while St Laurence detected others in ultrasonic one [10] . On the other hand, most of the recorded signals [6] recently obtained concern the infrasound range. Our set up has been designed to study only the audible and ultrasonic emission, providing us a way to avoid the infrasonic noise of the avalanche itself. Due to lack of snowfalls, at the time we are writing, the on site experiments have been delayed. Results will be presented later on.
Conclusions and future perspectives
The acoustic emission of small aerogel beads fractures, as a mean to estimate the natural avalanche activity in a more objectively and reliable way rather than the current visual observations, has been investigated. Induced avalanches on this material producing acoustic emission have been recorded and the results seem to connect the emission and the avalanche angle. The images and films correspond roughly to the behaviours known for snow avalanches. On site experiments are in progress. To improve the performance of the on site experimental set up, a greater number of transducers with different sensitivity could be placed under the snow cover inside selected avalanche corridors. As a final task the possibility of automatically detecting avalanche events after the localisation of the acoustic emission in real time will be examined.
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